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The present invention i^lates to a somiconductor device, and more 
particularly to a semiconductor device that is capable of corroctly transferring 
si^al^ at high speed. 
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Pjdp i' Art 

ConventionaUy, a wiring pattern of printed conductor lijaes and tho 
Hko is formed on a product syatom substrate. A plurality of semiconductor 
chips ai-e mounted on the system substrate, and electrode pads arc formed on 
the semiconductor chips for transferring electric sienals. The oleotrode pads 
arc electrically connected to load frames by bonding wires. The 
semiconductor chip, the bonding wires and one end of the lead frames are 
sealed with reein. On the other hand, the other end of the load frames is 
connected to the wiring pattern by soldering or pressure bonding. Electrical 
signals are transferred (inputted and outputtcd) between tho eemiconductor 
chips through the wiring pnttern and the lead frames. 

Tn the conventional semiconductor device described above, digital 
signals are generated by turning ON and OFF of electrical signals, and such 
signal e are transferred. 

Ab a result, there are problems in that the semiconductor device is 
likely to bG affected by noises that may result from factors such as higher 
frequency, higher operation speed and lower voltage (2V) operation. Also, 
malfunctions may possibly occur due to other factors such as voltage 
fluctuations. 

Furthermore, in the conventional semiconductor device described ' 
above, portions of the lead sections that protrude from the mold resin (i.e., 
the semiconductor package) are connected to the wiring pattern on the 
system substrate by soldering or pressure bonding, and electrical signals that 
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aro transferred by the wiring pattern are inputtod in or oixtputted from the 
Remiconductox chips. ^ 

A» a result, the electriral signals arc substantially influenced by 
Physical propcrtiea of tran«.fer elements (physical properties of copper or the 
like) of the wiring pattern. Therefore, there is a problem in that it is difficult 
to continuously maintain the original characteristics of the signal.. In other 
words, harmful effects may bo created by the influences of the physical 
properties of adjacent wirings, such ae wirmg capacitances and the hkc. As a 
result, for example, propagating signals may be blunted, their amplitudes 
may become unstable, and devices in succeeding stages may malfunction. 

In particular, circuits for clock wignals that are inputted in and 
outputred from th. semiconductor device muHt be designed in consideration of 
the harmful effects. Al«o, since electrical influences among adjacent signal 
yi Imes cannot be ignored, malfunction protection circuits and other signal 

J controls may need to be implementod. Moreover, the lead« that protrude 

from the «emiconductor package have a limited degree of freedom with 
respect to their length and pesitione, and therefore, tho leads can only be 
connected to limit^sd areas on the system subetra te. 
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Therefore, it is an object of the present invention to provide a 
somiconductor device that can accurately transmit eignale at high speed. 

In accordance with one embodiment of the present invention, a ^' 
semiconductor device includes a semiconductor chip, a light-receiving 
element formed on the semiconductor cloip for receiving optical signal, and an 
optical signal transfer device connected to the light-receiving clement for 
transfen-ing tho optical signal into the semiconductor chip. 

In accordance with thi. embodiment, the optical signal transfer device 
i« connected to the semiconductor chip through the hght-roceiving element 
such that optical signals are used as signals that are inputted in the 
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semiconductor chip. Optical signals have a smaUcr attenuation of signal 
ampUtude and have a higher transfer speed compared to electrical signals. 
Therefore, correct signal transfer becomes possible, and thus signals can be 
correctly transferred at high speed. 

The optical signal transfer device may be formed from an optical fiber, 
such aa, for example, a glass fiber, 

Also, the semiconductor device may further include a package that 
seals the semiconductor chip and a portion of the optical fiber. 

Also, the semiconductor chip may be mounted on a mounting 
substrate. 

Also, in accordance with another embodiment of the present invention, 
a semiconductor device includes a mounting subftfcratc, an optical signal 
transfer device disposed in the mounting substrate for transferring optical 
signals, a plurality of semiconductor chips mounted on the mounting 
I substrate, and a Ught-receiving element connected to the optical signal 

m transfer device for receiving optical signals, wherein signals are transferred 

I amon^ the plurality of semiconductor chips by the optical signal transfer 

a device. 

Furthorraore. in accordance with another embodiment of the presoni 
invemion, a semiconductor device includes a semiconductor chip, a Ught- 
receiving clement formed on the semiconductor chip for receiving optical 
signals, and an optical signal transfer device connected to the light-receiving 
element for transferring signals from an aiithnietic processing apparatus as 
optical signals into the semiconductor chip. 

In accordance with this embodiment, the optical signal transfer device 
IS connected to the semiconductor chip through the light-receiving element, 
such that optical signals are used as signals that are inputted from the 
arithmetic processing apparatus in the semiconductor chip. Optical signals 
have a smaller attenuation of signal amplitude and have a highor transfer 



O 



'^mm\^m,imih' '^-j hggan&hartsc0 m:^^^-itjyt±mm%^ r:095 



m 



F005359US00 



speed compared to olectrical signals- Therefore, corroct Bignfil trftn«fer 
bocomet) poasible, and thus Hignals can bo correctly transfcn-od m high speed. 

In particular, when clock signals are u»ed as signals that are inputted 
from thQ arithmetic procossing apparatus inth© semiconductor chip, phaac 
shifts in tho clock signals can be avoided, and highly accurate clock signals 
can be transferred to the semiconductor chip. 

Alao, the optical signal transfer device may be provided in a mounting 
substrate on which the semiconductor chip is mounted. For example, the 
optical signal transfer device may be embedded in the mounting substrate. 

Also, a light-emitting clement surface that is formed on the mounting 
substrate or within the mounting substrate may be used as the optical signal 
transfer device. In other words, for example, the light-emitting element 
surface is formed on the mounting substrate, such that the entire surface of 
the mounting? substrate may irradiate hght in respnnwe to inpiittcd optical 
signals. As a result, the optical signal transfer device can be disposed 
anywhere in the mounting eubetrato without regard to the mounting location 
of the acmicond^ictor chip within the mounting substrate. 

Alternatively, infcjtead of forming a light-emitting clement surface over 
the entire surface of the mounting substrate, the optical signal transfer 
device may be formed in a lattice configuration, and disposed in the mounting 



tj substrate. 



In this instance, the light-receiving element in a convex ftbape may be 
formed on the semiconductor chip on a side thereof that is opposite to the 
mounting substrate. The light-rocoiving element may be inserted in the 
optical signal transfer device that is disposed in a plane configuration or a 
lattice configuration to thereby connect the light-receiving element to the 
optical 8ignal transfer device. Aa a result, the light- receiving element and 
the optical signal transfer device can be readily and secui'cly connected to 
each other. 
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BRIEF DESCRIPTOIN OF THE DRAWINGS 

_ — ^ 

Fig. 1 is ft crofis-scctional view in part of a semiconductor device in 

accordance with a firefc embodiment of the present invention. 

Fig. 2 is a cross-sectionnl view in part of a semiconductor device in 

accordance with a second embodiment of the present invention. 

Fig. 3 schematically shows a plan view of a semiconductor device in 

accordance with a third embodiment of the present invention- 
Fig. 4 schematically shows a plan view of a semiconductor device in 

accordance with a fourth embodiment of the present invention. 

Fig. 5 is a view for illustrating a method for connecting a light-emitting 

element or a light-roceiving element with a glass fiber. 

Fig. 6 schematically shows a plan view of a semiconductor device in 
'^Q accordance with a fifth embodiment of the present invention. 



Embodiments of the present invention are described below with 
roforGncc to the accompanying drnwingR. 

Fig. 1 is a cross-sectional view in part of a semiconductor dovico in 
accordance with a first embodiment of the present invention. 
^ Tho semiconductor device haa a semiconductor chip 11, A light- 

receiving felement (not shown) is formed on tho semiconductor chip 11 for 
receiving optical ftignala carried on a laser beam (infrared light) or the like. 
The light- receiving element is connected to one end of an optical signal 
transfer device, such as, for example, a glass fiber 15 that is a directional 
element by a Jight-transmissive type adhesive. The optical signal transfer 
device transfers optical signals into the semiconductor chip 11. The 
semiconductor chip 11, the light-receiving element and one end of the gla^js 
fiber 15 are sealed by molding reein 13. 
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In the semiconductor device described above, optical signals are guided 
from the gla8ft fiber 15 through the light-receiving element into the 
semiconductor chip 11. In other words, the optical aiemal« are handed over by 
the light-receiving element and introduced in the semiconductor chip 11. 

In accordance with the first embodiment of the prQSQnt invention, the 
f^lass fiber 15 is connected to the semicondiictnr chip 11 through the hght- 
rccciving clement, and optical signals carried by laser are used as signals 
that are inputted in tho semiconductor chip IX, Optical eiguale have a 
jsmf^ller attenuation of ^sifinal amplitude and have a higher transfer $peed 
compared to electrical signals. Thcrcfbre, accurate signal transfer becomes 
possible, and thus signals can be correctly transferred at high speed with 
substantially no effects by the physical property (transmission property) of 
O the glass fiber 15 that is an optical signal transfer device. 

fn Also, opticed signals arc diSBctdt to be affected by noises than electrical 

signals, and therefore malfunctions that may bo cause by voltage fluctuations 
m are also difficult to occur. Furthcsrmore, optical yignalf* are not affected by 

^ tho physical properties of a transfer olcmcnt such as the glass fiber 15, and 

□ can continuously msdntain the original characteristics of the signal. 

^ Also, optical signals do not become blimt due to the infiuenc-es of the 

M= physical propertieB existing among the adjacent glass fibers, and their 

^ amplitudes do not become unstable. 

In the firat embodiment described above, one end of the gltx&f^ fiber 15 
and the light-receiving element are connected by a light transmissive type 
adhesive. However, one end of the glass fiber 15 and the light-receiving 
element can be connected by pressure bonding by molding. 

Fig. 2 is a cross-sectional view in part of a semiconductor device in 
accordance with a second embodiment of the present invention, in which the 
semiconductor chip 11 shown in Fig. 1 is mounted on a system substrate thnt 
is a moxinting substrate. 
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A plurality of electrode pads 23 are formed on a eurface of the 
yemiconductojf cKip 11. Part of the electrode pads 23 are electrically 
connected to leads 26 through 30 by bonding wireft. Another part of the 
electrode pade9 23 ib connected to one end of the p:la»s fiber 15 aa an optical 
signal transfer device through the lifi;ht -receiving clement. The 
semiconductor chip 11, the bonding wires 26, a part of the l^ad^ and one end 
of the glass fiber 15 are sealed by the molding resin 13. 

Wiring patterns 3G — 39 of conductive lines are printed on the syti^tein 
fiubfitrate 21. Also, a Bcmiconductor package 13 ie muunled on the $y$$tem 
substrate 21. Portions of the leads 26 — 30 that protrude from the 
semiconductor packai^e 13 are connected to the wiring patterns 36 - 39 by 
soldering or pressure bonding. 
^5 In the semiconductor device described above, optical signals are 

.yl 

m inputted through the glass fiber 15, and the optical signals are changed into 

?= , * . . , . 

!^ electrical signals within the semiconductor chip 11. For example^ it is 

tn possible to set «uch that ti jiower i^upply potential Vnn is supplied from a 

H 

^ power source to a signal Uno that supplies electrical signals that have boon 

3 

O converted from optical signals in response to an optical eignal ON, and a 

^ ground potential is supplied to the signal line in response to an optic8d signal 

S OFF. 

^ The second embodiment can produce effects similar to those of the fixst 

embodiment. 

Also, in the second embodiment, the glass fiber 15 is cx)nnected to the 
semiconductor chip 11, As a result, the degree of freedom in disposing the 
circuit elements is improved compared with a device using only leads. More 
specifically, portions of the leads that protrude from the semiconductor 
package 13 have fixed length and arc disposed at fixed locations, such that 
the leads can be connected to the wiring patterns at limited location>s on the 
system substrate 21 . Also, a gap L between the wiring patterns 36 and 37 on 
the system dubfttratc 21 needs to be greater than a specified amount. 
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Accordingly, the circuit structure is restricted when only the leada and the 
wiring patterns arc used. However, when the glass fiber 1 f> is additionally 
used as a means to supply signals to tho semiconductor chip 11, the degree of 
froodom in dispo-sing the circuit components is improved. 

Also, a gap between the adjacent leads (pins) needa to be grcator than 
a specified amount* Since the nimiber of tho pins cannot limitlesssly be 
increaacd, the circuit structure is restricted. However, the additional u«e of 
the glaee fiber 15 as a means to supply signals to the semiconductor chip 11 
improves the degree of freedom in disposing the circuit components. 

It is noted that, in the second embodiment, one glasy Tiber 15 is 
connected to tho semiconductor chip 11. However, a plurahty of glass fibers 
g may be connected to the semiconductor chip, and the glass fibers can be 

disposed at any locations. 
in Fig, 3 schematically shows a plan view of a semiconductor device in 

=P accordance with a third embodiment of the prei^nt invention. 

V E . - 

yi Directional olements such as glass fibers 45 - 47 are disposed in a 

^ system substrate 4las a means to Ironfifor optical aignaU. A plurality of 

3 

O semiconductor chips 4.2 and 43 are mounted on the system substrate 41- 

^ Light-receiving elements for receiving optical signala carried on a laser beam 

M= (in&ared light) or the like and light-cmittinR elements for emitting optical 

O 

di^als9 51 - 56 are formed on the semiconductor chips 42 and 43. 

The semiconductor chips d2 and 43 are connected to each other by the 
glass iEiberg 45 - 47 through the hght-receiving elements and light-emitting 
elements 51 - 56. The gla^is fibers are used in the same manner as wirings 
such as conduction wirings. 

More specifically, one end of the glass fiber 47 is connected to the 
semiconductor chip 42 through the hght-receiving element 51, and the other 
end of the glass fiber 47 is connected to the semiconductor chip 43 through 
the Ught-emitting element 52, such that signals are outputted from the 
semiconductor chip 43 to the light source semiconductor chip 42. Also, one 
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end of the glavss fiber 46 is connected to the semiconductor chip 42 through 
the hsrht-receiving element 53, and the other end of the glass fiber 46 is 
connected to the semiconductor chip 43 through the hght-cmitting eloment 
54. One end of the glass fiber 45 ia connected to the eomiconductor chip 42 
through th« Ught-emitting element 55, and the other end of the glass fiber 45 
is connected to the semiconductor chip 43 through the Ught-rcceiving element 
56, such thai signals are outputted from the semiconductor chip 42 to the 

semiconductor chip 43. 

In the semiconductor device described above, optical signals arc 
transferred between the semiconductor chipe 42 and 43 through the glass 
fihers 4fj - 47 and the hght-receiving elements 51-56. Tn other words, 
optical ttiRnals arc handed over and introduced in the semiconductor chips 42 
and 43 by the light-receiving elements 51 - 56. 

Therefore, the third embodiment provides effects simUar to thoee 
provided by the first embodiment- 

In particular, when clock ^signals are transferred between an 
arithmetic processor apparatus and a memory apparatus, the embodiment 
provides favorable effects because a phase shift; does not occur in the clock 
P ftignah 

^ Also, in accordancG with the third embodiment, wirings with a 

O 

□ dxrcctioTial material such as glasK fibers 45 - 47, as a wiring material for 

connecting semiconductor products, are pre-inetallod within the system 
substrate 41. Therefore, lead sections that arc typically used in a 
conventional semiconductor device are not required. Accordingly, 
malfunctions of the device that may be caused by defective soldering can be 
prevented. ' 

Fig. 4 shows a semiconductor device in accordance with a fourth 
embodiment of the present invention. 

In the fourth embodiment, a system substrate 61 is formed from a film 
substrate, for example. Glass fibers 62 as an optical signal transfer device 



U 



9 



'OOflOplB WJ4|03^ HOGAN&HARTS.O l|: H:]-X^>§±M!if|| 



R;0 9 5 P. 12 



F00S359US00 



are connected in a lattice structure and embedded in the system substrate 61. 
wnc'na signal la ^(srit^niteo-Aciin^ acsc&liwa+joxjjaf Sha-SflaaaiibRrp 62. th,e signal 
can be propagated through the entire area of the glass fibers 62. When the 
syetem substrate 61 is formed, Ihe glass fibers 62 arc ombeddod in the 
system substrate fil. 

An arithmetic proceasor apparatus 6.3 is mounted on the system 
substrate 61. A light-emitting element 67 to transferring a clock signal is 
formed on the arithmetic processor apparatus 63. There tire provided 
semiconductor chips such as storage apparatuBeti 64 and 65 that receive clock 
signals from the arithmetic procefis apparatus 63. Light-receiving elements 
68 and 69 are formed on the storage apparatuses 64 and 65 for receiving 
optical signals carried on laser beam (infirared Ught) or the like. Contact 
holes 61a are formed in the system substrate 61 that is formed with the glass 
fibers 62 described obove at locations where the semiconductor chips 63 - 65 
are mounted and in a manner that the contact holes 61a are located opposite 
to the light-receiving elements or the lighl-cmitting elements 67 - 69. Then, 
the hght-roceiving elements and Ught-emitting elements 67 - 69 are inserted 
in the contact holes 61 a, and the light-receiving elements and hght-emitting 
elements 67 - 69 are pressure bonded to the glass fibers 62, as shown in Fig. 
5, to thereby connect the light-receiving elements and light-emitting elements 

67 - 69 to the glass fibers 62. 

As a result, the semiconductor chips 6.3 - 65 arc connected to the glass 
fibers 62 through the light-receiving elements and Ught-emitting elements 67 
- 69. Clock signals from the wemiconductor chip 63 that is an arithmetic 
processor apparatus are transferred through the hght-emitting element 67 to 
the glass fibers 62, and the semiconductor chips 64 and 65 receive the signals 
transmitted through the glass fibers 62 at their respective light-receiving 
elements 68 and 69. As a result, the clock signals are taken into the storage 
appeiratuacs 64 and 65 firom the glass fibers 62. 
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Signals othor than tho clock signalfi may be transferred by wiring 
patterns that may be formed on the system substrata 61, for example. 

Accordingly, this embodiment also provides effects similar to those 
provided by the embodiments described above. Also, in tho Bemicondueior 
device of the present embodiment, the glass ilbers 62 in a lattice 
configuration are formed in the system substrate 61. Therefore, when the 
system substrate 61 is formed, glase fibers 62 do not need to be embedded in 
consideration of factors svich as locations of semiconductor chips to be 
mounted on the system substrate 61. As a result, the system substrate 61 
can be readily manufad-ured. 

Also, since the system sxibtstrate 61 is formed by a film substrate, the 
system substrate 61 can be bent to a degree, and the cost can be lowered. 

it is noted that the fourth embodiment is described with reference to a 
structure in which the glass fibers 62 are formed through the entire area of 
the system substrate 61. However, the present invention is not Umitcd to 
this embodiment. For example, the glass fibers 62 may be formed in a 
limited area in the system substrate 61. for example, in an area where the 
semiconductor chip is mounted. 

Also, the smaller the gap of the lattice becomes, the loss the position of 
the glass fibers needs to be considered whon the semiconductor chip is 
mounted. However, the lattice gap may be determined depending on 
separations among tho semiconductor chips that are mounted on the 
substrate. 

Fig. 6 shows a semiconductor device in accordance with a fifth 
embodiment of the present invention. 

In accordance with the fifth embodiment of the present invention, a 
aystem substrate 71 \o used instead of the system svibstrate 61 used in the 
apparatug of the fourth embodiment. 

The system substrate 71 of the fifth embodiment is formed from a film 
(sabstrate. and a light-omitting surface 72 composed of light-emitting 



'OOf 10^315 W.H5t04i^ m-'i HOGAN&HARTSO %f|: i2^3-x:^V>i±Wl^ R:095 



m 



.ass. 



F0O5359US0O 



.loments such as light-emitog diodes formed on the system «ub«trate 71. A 
light prevention film is formed on the Ught-cmitting surface 72 for preventing 
extornol light from entering into the light-emitting surface 72. 

It is noted that the Ught-omitting surface 72 may he formed within the 
.ystom substrate 71. Alternatively, the system «ab«ixato 71 may bo formed 
from light-emitting elements, and the system aubetratc 71 may be i«ed a« 
the hght-emitting surface 72. 

Contact holee 71a are formed xn the system substrate 71 at locations 
where the ^miconductor chip. 63 - 65 are mo^mted in « manner that the 
contact holos 71a are disposed opposite to th« light-receiving elements or 
bght-emitting element« 67 - 69. The ligM-receiving elements and Ught- 
.mitting elements 67 - 69 are in.serted in the contact holes 71a. and the Hght- 
receiving elements and Ught-emitting clementa 67 69 aro pressure bunded 
to the light-omitting surface 72 to thereby connect the light-receiving 
elements and hght-emitting elements 67 - 69 to the light-emitting surface 72. 
I A« a result, the semiconductor chips 63 - 65 are connected to the hght- 

emitting surface 72 through the hght-rcceiving elements and light-emitting 
° elements 67 - 69. Clock signals from the semiconductor chip 63 that is an 

arithmetic procOBSor apparatus are transferred through the light-emitting 
element 67 to the light-emitting eurfeice 72, and the semiconductor chips 64 
and 66 receive the signals transmitted from tho light-emitting esuxface 72 at 
their respective light-receiving elements 68 and 69. A. » rcs^xlt. the cloek 
signals are taken into the storage apparatuses 64 and (55 from the light- 
emitting surface 72. 

Signals Other than the clock signals may be transferred by wiring 
patterns that may be formed on the system subetrale 71, or on the light- 
emitting surface 72 if such a film i« formed on tho system substrate 71. for 
example. 

Accordingly, this embodiment also provides effects similar to those 
provided by the fourth embodiment. Also, in the semiconductor device of the 
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present embodiment, the Ught-p-mitting surface 72 is formed on Uie entiie 
area of the system substrate 71. Therefore, when sGmiconducU.r chips arc 
mounted on the system substrate 71, mounting locations of the 
semiconductor chips do not need particular consideration. In contraat, 
particular consideration is required when glass fibers are disposed. 

It is noted that the fifth embodiment is described with reference to the 
case where the light-emitting surface 72 formed over the entire area of the 
system substrate 71. However, the present invention is not limited to such 
an embodiment. The hght-cmitting surface 72 may bo formed only in a 
limited area in the system substrate 71 , for example, in an area where the 
semiconductor chips are formed. 

Also, a plurality of light-emitting «urfaccs 72 may be formed in layers, 
and signale are aUocated to each of the layers, such that not only the clock 
signals but also other signals, such aa, for example, enable signals may be 
transferred. In this case, for example, a light prBventinn film may be formed 
between the adjacent Hght-emitting surfaces not only to prevent external 
Ught from coming into the light-emitting surfaces but also to prevent optical 
eig„al8 of one light-emitting surface from coming into the other ligM^emitting 
surface. Also, the light-receiving elements and the Ught-emitting elements 
may be formed in such a manner that signals are transmitl^d only to the 
' ° corresponding light-emitting surface or signals are received only from tho 

corresponding light-emitting surface, and that optical signals are not 
transferred to the non-corresponding light-emitting surface and optical 
signals are not received from the non-corresponding light-emitting surface. 

It is noted that the present invention is not limited to the embodiments 
described above, and a variety of modifications can be implemented. 
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